Abstract. This randomized clinical trial was designed to determine whether glutamine administration was effective in reducing the incidence and severity of mucositis and dermatitis induced by radiotherapy (RT) or chemoradiotherapy (CHRT) in patients with head and neck cancer (HNC). Fifty patients were randomized to receive orally either L-Glutamine or placebo (25 patients in each arm). In the glutamine-treated group, 10 g of oral glutamine was administered three times daily. The primary endpoint was to compare the appearance of clinical mucositis between groups at the 6th week, according to the Common Terminology Criteria for Adverse Events. Secondary endpoints were: Functional mucositis, mucositis onset, cervicofacial dermatitis, pain, weight loss and assessment of quality of life (according to the M.D. Anderson Symptom Inventory-Head and Neck). In total, 76 and 87.5% developed clinical mucositis in the glutamine and placebo group, respectively. The incidence and severity grade of mucositis at the 6th week did not exhibit statistically significantly differences between the two groups, although it had a higher value in the placebo group. Significant reduction of dermatitis incidence (P=0.038) and severity (P=0.032) was found in the glutamine group. There were no differences in other outcomes such as pain, weight loss and mucositis onset, in treatment parameters including concomitant chemotherapy, radiation dose and previous surgery, or in quality of life. The present study revealed that glutamine provided slight clinical effects compared with placebo in terms of reducing oral mucositis induced by RT or CHRT in patients with HNC at the 6th week; however, the results were not statistically significant. Although the findings suggested a significant benefit in reducing the incidence and severity of dermatitis, further confirmatory studies are required.
Introduction
Radiation therapy (RT) and concomitant chemoradiotherapy (CHRT) in patients with head and neck cancer (HNC) are commonly associated with complications such as mucositis and dermatitis in the oral cavity and on the cervicofacial area. Clinically, these adverse effects are able to cause severe pain and odinophagia, increase the risk of infections, skin wounds and inflammatory ulcers, limit deglutition, cause malnutrition and negatively impact the diet and overall quality of life of patients (1) . The incidence rate of mucositis varies between 85 and 100%, depending on the cancer treatment regimen, with altered fractionated RT, CHRT or conventional RT (2,3), whereas the incidence of acute dermatitis varies between 7 and 25% (4, 5) , reaching up to 49% in patients receiving RT in combination with cetuximab (6) .
Numerous efforts have been made to identify effective agents for preventing and treating mucositis and dermatitis induced by RT or CHRT. Although some standard guidelines for management are available (7, 8) , reliable and effective treatments are lacking (9) . For mucositis, intensive oral care protocols, antimicrobial agents, anti-inflammatory agents, cytoprotective agents, recombinant keratinocyte growth factor-1, nutritional supplements, biostimulant agents or natural and homeopathic agents have been described (10) (11) (12) (13) . On the other hand, several topical or systemic formulations have been tried for dermatitis, all of them with ineffective results (5, 6) . The ultimate goal of these treatments is to allow patients to receive complete radiation doses while improving their quality of life, as well as avoiding unplanned discontinuation of treatments with a subsequent negative impact on the final outcome.
Glutamine is a free primary amino acid precursor for protein synthesis, involved in cell replication for rapid cell turnover, primarily in the gastrointestinal mucosa and immune system. In circumstances of intense catabolism and stress, this organic molecule becomes indispensable as its production Double-blind randomized study of oral glutamine on the management of radio/chemotherapy-induced mucositis and dermatitis in head and neck cancer DAVID LOPEZ-VAQUERO  1 , LUCIA GUTIERREZ-BAYARD  2 , JUAN-ANDRES RODRIGUEZ-RUIZ  3 , MONICA SALDAÑA-VALDERAS 4 and PEDRO INFANTE-COSSIO demand exceeds the capacity of endogenous synthesis (14) . In addition, patients with HNC often have a glutamine deficit accentuated by the side effects of RT or CHRT (15) . Since the first study by Skubitz and Anderson (16) in 1996 on the role of glutamine for the prevention and treatment of oral mucositis in cancer treatments, a number of studies have demonstrated that supplementation of this amino acid may reduce the incidence and severity of mucositis during treatment by reversing cellular damage and improving cellular recovery (17) . Certain studies with animal models indicated that glutamine supplementation was safe and reduced cytotoxicity-induced mucositis (18, 19) . However, others have found no conclusive outcomes, and pointed out that more studies with higher consistency and methodological validity were needed to find more solid evidence (7) . The aim of this prospective study was to determine whether oral glutamine administration was effective in reducing the incidence and severity of oral mucositis and cervicofacial dermatitis induced by RT or CHRT in patients with HNC.
Patients and methods
Patients. Patients in this trial were recruited from the Puerta del Mar University Hospital (Cadiz, Spain) between July 2010 and June 2012. The following inclusion criteria were applied: Patients with primary cancer in any head and neck location with a proven malignant biopsy, undergoing RT with or without concomitant CHRT, and 0 and I performance status grade according to ECOG (Eastern Cooperative Oncology Group Performance Status). The exclusion criteria were: Patients with a previous history of receiving RT, uncontrolled systemic or disseminated disease, presence of synchronous double malignant tumor, hypersensitivity or allergy to any of the components included in the study, uncontrolled diabetes, severe kidney or liver failure, skin diseases or autoimmune diseases.
Study design. The current study was a phase II randomized double-blind controlled study. The eligible participants were randomized into a control group or an experimental group to receive daily administration of oral glutamine or placebo for assessment of its efficacy in the management of mucositis and dermatitis following RT or concomitant CHRT. A randomization in 5 blocks of 10 patients with 1-to-1 assignment to groups was computer-generated by a statistician who was not working with the patients. These allocations were placed in sealed masked envelopes with a specific number group or an experimental group to receive a daily administration of oral glutamine or placebo. The study protocol was approved by the Ethics Committee of the Puerta del Mar University Hospital, Cadiz, Spain and by the Spanish Agency for Drugs and Health Products (number of trial registry 2009-018103-40). All patients gave written informed consent to participate.
According to the institutional protocol, the total radiation dose was fixed to 70 Gy in 35 fractions of 2 Gy, or 66 Gy in 30-33 fractions of 2 Gy in postoperative RT. Depending on the case, patients received cisplatin (100 mg/m 2 ) or cetuximab (400 mg/m 2 ) based on renal function and the presence of systemic complications. During the study, each patient received three daily bags to be dissolved in a glass of water (orally, distributed in the three meals), containing either 10 g of maltodextrin as the placebo (control group) or 10 g of L-Glutamine as the treatment (experimental group). Both supplements were prepared by Nutricion Medica S.L. Laboratories (Madrid, Spain) in powder form packaged in single dosage pouches indistinguishable from each other, thus ensuring double-blind masking. The patients were evaluated by the same observer at the 3rd and 6th weeks during the treatment protocol, and at the 1st and 6th months post-treatment. All patients had completed dental and oral examination prior to treatment, and underwent oral care. For symptomatic mucositis, oral paracetamol tablets 500 mg or tramadol 100 mg were administered according to the severity of pain. The need for painkillers, adverse events associated with the study drugs and patient non-adherence to treatment were recorded.
Endpoints and measures. The primary endpoint was the appearance of clinical oral mucositis at the 6th week after treatment. Secondary endpoints included evaluation of functional mucositis, onset of mucositis, cervicofacial dermatitis, pain and weight loss. Oral mucositis and cervicofacial dermatitis were assessed according to the Common Terminology Criteria for Adverse Events version 3.0 (CTCAE v3.0). Clinical mucositis was graded from grade 0 (no mucositis) to grade 4 (symptomatic associated with life threatening consequences, tissue necrosis, significant spontaneous bleeding). Functional mucositis was evaluated from grade 0 (no mucositis) to grade 4 (symptoms associated with life-threatening consequences). Dermatitis on the cervicofacial area was assessed from grade 1 (faint erythema or dry desquamation) to grade 4 (skin necrosis or ulceration of full thickness of dermis; spontaneous bleeding from involved site). Data regarding pain were collected using a visual analog scale (VAS) from 0 ('no pain') to 10 ('insupportable pain'). Evaluation of treatment tolerance was based on occurrence of adverse events during the trial. Patients fulfilled the quality of life questionnaire of the M.D. Anderson Symptom Inventory-Head and Neck (MDASI-HN), comprising 3 subscales: 13 items that rated the severity of general symptoms associated with cancer, 9 HNC-specific items that rated the severity of symptoms particularly associated with HNC and 6 items that assessed how severely symptoms interfered with daily activities. The core and HNC-specific symptoms were rated on a 0-10 scale to indicate the presence and severity of the symptom, with 0 indicating 'not present' and 10 indicating 'as bad as you can imagine.'
Statistical analysis. The sample size was calculated according to an expected clinical mucositis appearance of 100% at the 6th month. Expecting to find a reduction of 75% after prescribing glutamine (δ value of 25%), a 5% α error and an 80% β value (study power) were selected, assuming a 5% loss. With these data, the necessary number of participants to obtain statistical significance was 50 patients (25 per group). Intention to treat and per protocol analyses were performed on the population.
The results were analyzed using the SPSS version 15.0 (IBM Corp., Chicago, IL, USA). All statistical tests achieved a significance level of P<0.05 for a bilateral significance. The baseline characteristics of groups were compared using analysis of variance for continuous variables. In the case of discrete variables, the distribution of absolute frequencies and percentages were obtained. Discrete variables were compared using the χ 2 statistic, and continuous variables using the Student's t-test. Comparisons between the two groups were performed using analysis of covariance. The results of VAS scores were presented as the mean, median and standard deviation.
Results
Fifty patients between 32 and 79 years of age (mean, 60.24) were included in the intention to treat analysis, 78% were male and 22% were female. One female dropped out due to RT suspension. As a result, 24 patients in the control group and 25 patients in the experimental group were included in the full per protocol analysis (Fig. 1) . On conducting the statistical analysis, the intention to treat analysis and per protocol analysis produced identical results for all criterion measures; therefore, only the per protocol analysis was used to describe the results.
The distribution of patients according to baseline patient characteristics, diagnostic and treatment parameters were similar between the study groups (Table I ). In total, 45% of patients received RT and 55% concomitant CHRT. The dose of radiation was 70 Gy in 91.8% of patients and 66 Gy in 8.2%. Cisplatin and cetuximab was indicated in 13 and 14 patients, respectively; 63.3% of patients had previously underwent surgery.
The incidence of clinical mucositis was 87.5% in the placebo group and 76% in the glutamine group (81.6% of global incidence) (Table II) . The incidence and severity grade of clinical and functional mucositis at the 6th week did not exhibit statistically significantly differences between the two groups. The comparison of clinical and functional mucositis had a higher value in placebo group, although without statistical difference. A direct significant statistical correlation was found between the values of the clinical and functional mucositis (P=0.01), with a coefficient of 0.71 and 0.597 at the 3rd and 6th week, respectively.
A statistically significant reduction of the incidence (P=0.038) and severity (P=0.032) of dermatitis was found in the glutamine group at the 6th week. There were no differences between groups in the mucositis appearance according to any of treatment parameters (concomitant chemotherapy, radiation dose and previous surgery). No statistically significant differences between the two groups were identified for pain, weight loss and mucositis onset (Table III) . The analysis of the quality of life questionnaire (MDASI-HN) revealed no significant differences between groups in any items at the 6th week. No patient discontinued the study medication due to adverse effects.
Discussion
The effectiveness of glutamine for the prevention and treatment of oral mucositis induced by RT has been examined recently in some meta-analyses. One meta-analysis (20) identified 5 clinical randomized controlled trials that included 234 patients with HNC. The conclusions of this meta-analysis revealed that glutamine significantly reduced the risk and severity of oral mucositis induced by RT or CHRT compared with either placebo or no treatment (risk ratio 0.17; 95% CI 0.06-0.47) (21) (22) (23) (24) (25) . Another systematic review of well-designed studies in various solid tumors and patients with hematological cancer revealed inadequate or conflicting evidence (26) , as five studies did not find glutamine to be effective (27) (28) (29) (30) , while four studies did (19, (31) (32) (33) , suggesting a requirement for further studies on the use of oral glutamine to guide clinicians on which interventions are truly effective.
The findings of the present study did not demonstrate the primary study endpoint in a statistically significant manner. However, the incidence and severity of clinical and functional mucositis tended to be clinically lower in the glutamine group in comparison with the experimental group, although it did not reach statistical significance. The frequency of clinical mucositis was of 87.5% for the placebo group vs. 76% for the glutamine group and, of a total of 9 patients who did not show mucositis, 6 were found in the glutamine group. None of patients presented with a severity grade of 4 at the 6th week, revealing a homogeneous distribution of clinical mucositis between the two groups.
Although the present study was unable to demonstrate the effectiveness of the primary endpoint, oral glutamine significantly reduced the incidence and severity of dermatitis produced in the radiation fields, as a secondary endpoint. A previous study reported that β-hydroxy-β-methylbutyrate/arginine/glutamine supplementation was potentially effective in the prevention of radiation dermatitis in patients with HNC, as this supplementation was a protective nutrient with anti-inflammatory effects favoring the healing of inflammatory skin wounds (34) .
In the current study, there were no differences in other outcomes including pain, weight loss and mucositis onset, and in treatment parameters such as concomitant chemotherapy, radiation dose and previous surgery. This study was not able to demonstrate an improvement in the quality of life of patients as no statistical differences were also found between the two groups in the assessment of cancer-associated symptoms with the MDASI-HN quality of life questionnaire.
Very few clinical trials on oral glutamine administration for the prevention of oral mucositis in patients with HNC have been reported (21) (22) (23) (24) . In general terms, the majority of studies have described favorable results concerning oral glutamine administration, and consequently the findings of the present study are not fully consistent with the indexed literature. However, the comparison with these previous studies is challenging, as the choice of the primary endpoint, the δ value and the magnitude of the clinically relevant difference, were not revealed in the previous studies. In the present study, mucositis and dermatitis were considered as qualitative variables, which gave more verisimilitude to clinical reality unlike other studies in which they were classified as quantitative, thus losing much data analysis.
The results of the present study must be interpreted with caution due to the short follow-up period and the reduced study sample size. The sample size depended upon the 25% δ value, estimated based on the assumption that the placebo group should have a 100% incidence of clinical mucositis at the 6th week, which did not occur. Consequently, a lower δ value may have favored a larger sample size. This study was a single center study performed in the authors' setting. Although the distribution of patients was similar between groups and treatment parameters such as chemotherapy, radiation dose or previous surgery showed no difference between groups, a subgroup of analysis could have been performed if the number of subjects were not too low. Consequently, multicenter and large-scale studies are warranted. The strengths of this study were based on its randomized double-blind placebo-controlled study design. Throughout the trial, the main researcher monitored the patient test adherence, which resulted in a 100% adherence, and also performed a count of bags used and surplus. Therefore, it is only possible to conclude that, in this double-blind, randomized study, oral glutamine provided slight clinical effects compared with placebo in reducing oral mucositis induced by RT or CHRT in patients with HNC at the 6th week, although the results were not statically significant. While the findings of the study suggested a significant benefit in reducing the incidence and severity of dermatitis, further confirmatory studies with a new primary endpoint and a larger sample size are required. 
